We examine demand behaviour for intertemporal dependencies, using Spanish panel data. We present evidence that there is both state dependence and correlated heterogeneity in demand behaviour. Our specific findings are that food outside the home, alcohol and tobacco are habit forming whereas clothing and small durables exhibit durability. We conclude that demand analyses using cross-section data that ignore these effects may be seriously biased.
1 Introduction.
The dynamics of consumption behaviour occupies a central position in many debates in economics. Usually it is assumed that preferences are additive over time but a number of recent papers have raised the possibility that significant habit formation for 'consumption' may help resolve some 'puzzles'. (see, for example, Campbell and Cochrane (1999) , Carroll, Overland and Weil (2000) , Dynan (2000) and Fuhrer (2000) ). As well as these explicitly macro perspectives, the degree of intertemporal dependence is also important for the validity of any results using demand estimates that assume intertemporal separability. For example, in the analysis of the effects of tax changes (for example, the duty on alcohol and tobacco) short run effects can be quite different from long run effects. When thinking about habits and intertemporal dependencies in preferences, it is important to acknowledge that 'consumption' is a composite of many goods which differ across agents and some of which are durable and some of which may be habit forming. In general the habituation of 'consumption' will depend on the mix of demands.
For example, smokers may exhibit more persistent consumption behaviour than otherwise similar non-smokers simply because one of the goods they consume is habit forming. In this paper we explicitly consider the extent of intertemporal dependencies in demand behaviour.
There is a long tradition of allowing for habits in demands (see Browning (1991) for a discussion and references of the earlier literature). Amongst 1 other things, the early phase of the literature was notable for the careful theoretical treatment of rational, forward looking behaviour with one by-product being the first use of λ-constant (or Frisch) analysis which underlies widely used Euler equation methods. The early literature culminated in Spinneweyn (1981) which gives methods to effectively convert some intertemporally non-additive models into additive ones, by a suitable transformation of variables. 1 All empirical studies in this literature were based on macro data which makes it difficult to interpret the results and to see the implications for micro behaviour. One the other hand, we have only very limited panel demand data so that micro-based approaches are difficult to implement. Consequently there are very few micro-based studies examining habits for particular goods. Examples for single goods include tobacco, Jimenez-Martin, Labeaga and Lopez (1998) and food, Dynan (2000) . For systems of demands, see Hayashi (1985) (who uses one wave following households for four periods) and for utility based demand systems see Meghir and Weber (1996) and Carrasco, Labeaga and Lopez-Salido (2004). The conclusions from these studies are somewhat mixed but it is fair to say that no one finds effects that are anywhere near strong enough to resolve the problems for 'consumption' raised in the papers listed in the previous paragraph. Nonetheless, there is some evidence of intertemporal dependencies for individual goods and it is this that we address in this paper.
When considering persistent behaviour we have to be careful to distinguish between three possible sources of persistence in behaviour: persistence of the environment, state dependence and heterogeneity. As is well known the latter two both lead to persistence but their causes and implications are very different. Consider, for example, smoking. It is clear that the probability of someone smoking in the current period t is dependent on smoking behaviour in the past, but this could be because people are 'smokers' (heterogeneity) or because something induced them to start at some point and then they continue (state dependence). To have any chance of distinguishing between heterogeneity and state dependence we need panel data with several periods of observation for each household. In our empirical analysis we use Spanish data which gives demand information for between six and eight quarters. Using the same data source, Christensen (2004) tests for whether there are (correlated) fixed effects in demands and concludes that there are and that ignoring these leads to bias in estimates of parameters of interest, such as income elasticities. Here we explicitly test for the presence of dynamic dependencies over and above those induced by heterogeneity.
Our approach is to first consider the dynamics of demands in a time series analysis which does not make explicit use of demand theory. We then present empirical demand analysis to consider the specific contributions of environmental persistence, state dependence and heterogeneity. Our broad conclusions are that even when we allow for correlated heterogeneity ( a 3 'fixed effect'), there is evidence of state dependence. Conversely, even when we allow for state dependence there is evidence of correlated heterogeneity.
We find that 'food outside the home' and 'alcohol and tobacco' are habit forming and 'clothing' and 'small durables' are durable; the other two goods, 'food at home' and 'non-durables and services' do not display any significant state dependence. These conclusions will not surprise any readers but they have implications for short run and long run responses. Moreover they indicate strongly that since the two habit forming goods represent a relatively small proportion of total expenditure, it is unlikely that there are strong habits for 'consumption' itself, whether or not we include the semi-durables.
2 The dynamics of expenditure patterns.
The data and the dynamics of demand
The data set is a rotating panel from the Spanish Family Expenditure Survey (Encuesta Continua de Presupuestos Familiares, ECPF). This survey was conducted by the Spanish Statistics Office, and it was carried out from 1985, quarter I to 1996, quarter IV . Each household is retained for at most eight quarters with one-eighth of the sample being renewed in each quarter. The sample size of each wave is around 3,200 households. The ECPF provides very detailed information on expenditure, income and household characteristics; see Browning and Collado (2001) for a detailed description of the data set. The expenditure information is a mixture of diary information (for regularly purchased goods) and retrospective information (for infrequently purchased goods). For the purpose of this research, we consider couples with and without children, in which the husband is in full-time employment in a non-agricultural activity and the wife is out of the labor force. The restrictions on labour force status are to minimise the effect of non-separabilities between demand and labour supply. We only consider families reporting full information for at least six consecutive quarters. Our final sample consists of 2,449 households (18,188 observations). We aggregate the data on expenditures into six composite commodities: food-in (food at home); food-out (food outside the home); alct (alcohol and tobacco); clo (clothing); nds (other nondurables and services) and sdur (small durables such as books, toys, pillows, etc.). 2 Our main concern is with the dynamics of demand patterns so we concentrate on an analysis of budget shares. Table 1 for 'nds' is also dropped. It will be seen that there are strong dynamic 2 In our data we do observe purchases of large durables but we do not observe the stocks, so we simply assume that the demands for the six goods we model is independent of the stock of large durables. This assumption has very little other than tradition and convenience to recommend it. effects and high persistence. The high persistence could be due to a number of factors. First the environment the household faces (demographics, lifetime wealth and expectations, etc.) is persistent which in itself induces persistence. 3 Second, there may be heterogeneity. Finally, there may be state dependence -either habits or durability. In the next two sub-sections we presents analyses which takes out first of these factors (persistence in the environment) by running conventional Engel curves in levels in which we condition on demographics and total expenditure.
A utility based demand levels system.
In this subsection we examine the dynamics of expenditure patterns taking as a benchmark a conventional quadratic-log formulation (the Engel curve form of the QAIDS (see Banks et al (1997) ). We start from this since it is nowadays the overwhelming choice of functional form to model demands on micro data if we assume intertemporal separability. We are not primarily interested in price effects so we absorb any price effects into a full set of quarterly dummies, one for each of the 48 quarters of the survey (with one dropped to accommodate the constant). The resulting form for the budget share for good i by household h in period t, ω iht , is given by:
where x ht is total expenditure deflated by a price index and z kht is a list of demographics and time and weekly dummies. Specifically: we include the number of children and the number of adults in the household, and age and age squared of the husband. The seasonal dummies are a set of 32 weekly dummies that capture the period in the year in which the household is surveyed. 4 Our empirical strategy is to first present estimates of the coefficients of (1) for our six goods on the pooled data, using conventional identifying assumptions. Specifically, we instrument the two total expenditure terms with log and squared log real income, so that the model is just identified.
Including expenditures on the two durable commodities (clothing and small durables) is, of course, questionable since they exhibit some durability. We note, however, that the results for the other goods are relatively independent of the inclusion of these goods in the total expenditure measure and we prefer to include them since their durability provides a useful check on the validity of our testing methods.
The results for the Engel curve analysis are presented in Table 2 . After the rows for the coefficients we present a test for the joint significance of the total expenditure coefficients and the distribution of implied income elasticities. The results are typical for demand systems estimated on crosssection data: 'food at home' and 'alcohol and tobacco' are necessities, and the other four goods are luxuries (at the median). The estimated 'effects' of the demographics are also conventional. Thus there is no internal evidence from the cross-section information that there is any misspecification and here the analysis would usually stop. However, given that we have multiple observations for each household we can examine the dynamics of the residuals.
If there is unobserved, additive individual heterogeneity, the error term in equation (1) can be written:
Since ε iht may be serially correlated we have:
Thus the extent of residual autocorrelation reflects both the variation in heterogeneity (the variance of the fixed effect) and the auto-correlation in ε. If there was solely a fixed effect then the autocorrelations should be constant, whereas if good i is habit forming then the autocorrelation should decrease with s to a positive constant. For durable goods, the sign of the autocovariances related to ε iht will change with s, 5 and therefore the size of the autocorrelations will not necessarily be monotone with respect to s.
In Table 3 we present first to seventh-order autocorrelations of the residuals from the Engel curves. We also present tests for first order and second order serial correlation of the residuals proposed by Arellano and Bond (1991) . This test statistics are asymptotically normally distributed and they indicate that there is positive first order and second order serial correlation in the residuals. The fact that the seventh order autocorrelation is also large suggests that there is some unobserved heterogeneity for all the goods;
this confirms the analysis of Christensen (2004) who finds a significant fixed effect for most goods. As regards durability and habits, the results are inconclusive. It seems that for goods such as 'food-out' and 'alcohol and tobacco' the autocorrelations are larger than for the remaining goods, which might indicate habits. For small durables and clothing the autocorrelations are not monotone with respect to s, which might indicate durability.
A formal test for intertemporal separability.
The analysis of the previous subsection establishes that there are highly significant dynamics over and above those usually allowed for in empirical demand analysis. In the next section we present a detailed analysis taking careful account of the possible presence of correlated heterogeneity. We finish this section with a formal tests for intertemporal separability using the conditional demand approach of Browning and Meghir (1991) . This test is based on the observation that if we have intertemporal separability then the demands in any period, conditional on total expenditure, should be independent of demands in other periods. This gives a very simple test for intertemporal separability by simply testing for the significance of lagged budget shares in our budget share equations. Once we allow for this dependence, we never found the squared total expenditure term to be 'significant' in any equations, so we drop it from our analysis. This already suggests that 'getting the dynamics right' is important since not doing so may introduce spurious non-linearities. The augmented Engel curves take the form 6 :
In the absence of unobserved individual heterogeneity, we can test for intertemporal separability by estimating the Engel curves (4) in levels and testing whether β i is equal to zero in each of the equations. Under the assumption that there are no fixed effects, we can use current and lagged income and lagged total expenditures as instruments for the Engel curves in levels. We estimate the equations by GMM, using as instruments log income and its square, lags one to five of log total expenditure and its square, and of log income and the square. The specification of the Engel curves include demographics and the full set of quarterly and week dummies used in Table 1 . The results from the estimates are presented in Table 4 . If the assumption of no fixed effect were correct, the results in Table 4 will indicate very strong habits in 'non-durables and services', 'food-out' and 'alcohol and tobacco'
and no durability or habits in 'food-in', 'clothing' and 'small durables'. This latter result is very implausible and is very likely driven by unobserved correlated heterogeneity: if there is the latter, then the lagged budget shares are picking up the omitted heterogeneity term. Furthermore, the Sargan test decisively rejects the instruments for 'food-in', 'alcohol and tobacco'
and 'small durables', a further indication of dynamic misspecification. Thus the conclusion we take from this analysis of levels is that even when we allow for (first order) intertemporal dependencies, there is significant evidence of further intertemporal dependencies.
3 Estimation and testing
Testing for weak instruments.
We turn now to testing for state dependence when there is unobserved heterogeneity. If there is unobserved heterogeneity, and without further assumptions, the parameters of the Engel curves (4) are not identified. However, identification can be achieved by taking first differences to eliminate the household specific effects and then using lagged values of the endogenous variables as instruments. The main problem with this approach is that, in general, it is often difficult to predict changes in the explanatory variables using the available set of instruments; that is, the correlation between the instruments and the endogenous explanatory variables is close to zero. If this is the case, the instruments are said to be weak and the model is underidentified or close to be underidentified. 7 Another alternative, proposed by Arellano and Bover (1995) , is to assume that the endogenous variables have a constant correlation with the household specific effects. This additional assumption, which is empirically testable, allows us to identify the model. If this assumption holds, lagged first differences of the endogenous variables are valid instruments for the Engel curves in levels. The estimation method suggested by Arellano and Bover (1995) uses both sets of instruments: lagged levels of the endogenous variables for the equation in first differences, and lagged first differences of the endogenous variables for the equation in levels.
We adopt the Arellano and Bover procedure but first we carry out a test for underidentification, due to Arellano, Hansen and Sentana (1999).
We focus on the linear instrumental variable model, and therefore, in this setting the underidentification test is a test of weak instruments. Since this
is not a familiar test we present here a brief outline for the linear model:
where w i is a (k+1)×1 vector and z i is an r×1 ( r ≥ k) vector orthogonal to the disturbance term, the so called vector of instruments. The orthogonality conditions can be written as the set of linear equations
If the rank of the matrix E(z i w 0 i ) is k, the system has a unique-up-to-scale solution and the vector of parameters α is identified up to scale. The normalization most commonly used is to set the first coefficient of α to one so that α = (1, β 0 ) 0 . However, if the rank of the matrix E(z i w 0 i ) is smaller than k, the system does not have a unique (up-to-scale) solution and it is underidentified.
Suppose that the rank of E(z i w 0 i ) is k − 1; that is, model (5) is underidentified . Then, there exist two linearly independent vectors α and α * such that
and all the solutions of system (6) can be written as linear combinations of α and α * . When the rank of E(z i w 0 i ) is k, (that is, model (5) is identified), system (7) does not have two linearly independent solutions and, therefore, it is overidentified. Given this, testing the null hypothesis that the model is underidentified against the alternative that it is identified is equivalent to 13 testing whether the system of equations
is just identified against the alternative of overidentification. Notice that,
given that α and α * have to be linearly independent, to estimate this set of equations it is not enough to impose a normalization on each equation but we need to impose a further normalization to guarantee linear independence.
Following Arellano, Hansen and Sentana (1999), we set one of the rows of (5) is underidentified.
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As discussed above, we use the GMM estimator proposed by Arellano and Bover (1995) to estimate the set of Engel curves (4) without the quadratic terms. 8 The set of instruments is the following:
• For the equation in first differences we use log total expenditure and the square lagged two to five, current log income and the square and lags one to five of log income and the square
• For the equation in levels we use first differences of log total expenditure and the square lagged one to four, first differences of log income and the squared in the current period and the lags from one to four.
The results from these estimates are presented in Table 5 . The Sargan test does not reject the set of instruments at the 5% level for any of the goods but clothing. This provides evidence in favour of the additional assumption of constant correlation between log total expenditure and the individual effects and between log income and the individual effects. We also present the weak instruments test proposed by Arellano, Hansen and Sentana (1999).
The test statistic depends on the normalization used, therefore, we use two different normalizations to check the robustness of our results. Normalization 1 corresponds to setting in one equation the coefficient of the budget 8 We have also estimated the set of Engel curves including log total expenditure squared but again none of the quadratic terms were significant. Therefore, there is no evidence of non linearities between budget shares and log total expenditures as has been found in other studies.
share to one and the coefficient of log total expenditure to zero, and in the other equation, the coefficient of the budget share to zero and the coefficient of log total expenditure to one. Normalization 2 corresponds to setting in one equation the coefficient of the budget share to one and the coefficient of the lagged budget share to zero, and in the other equation, the coefficient of the budget share to zero and the coefficient of the lagged budget share to one. Recalling that a large Sargan statistic is evidence in favour of identification, the results indicate that there is no problem of weak instruments for food-in, alcohol and tobacco, clothing and small durables. For non-durables and services and food-out the result provide slight evidence of weak instruments depending on the normalization used.
The estimated elasticities imply that food-in and alcohol and tobacco are necessities whereas food-out, clothing and small durables are luxuries.
The elasticity of non-durables and services is very close to unity. Regarding intertemporal separability, we find that lagged budget shares are significant for food-out, alcohol and tobacco, clothing and small durables, whereas for food-in and non-durables and services there is no evidence of state dependence once we control for unobserved heterogeneity. The positive coefficient of the lagged budget shares in the Engel curve for food-out and alcohol and tobacco is consistent with habit formation in those commodities. The negative sign on the Engel curve for clothing and for small durables reflects the durability of these two goods.
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The degree of habit formation in commodity demands is important for many policy questions. We have presented an empirical analysis of demand behaviour using panel data from Spain that indicates that there is significant correlated heterogeneity in demands for all goods (see also Christensen (2004) ).
Once we take account of this heterogeneity, we find that 'food outside the home' and 'alcohol and tobacco' are habit forming and 'clothing' and 'small durables' are durable. There is no evidence of state dependence for 'food at home' and 'nondurables and services'. This suggests that a conventional composite consumption measure that includes clothing and small durables would not display very strong state dependence and certainly not enough to resolve the macro puzzles mentioned in the introduction. On the other hand, the results have significant implications for tax policies that change the prices of goods such as alcoholic beverages, tobacco and eating out relative to other goods. In general, long term responses to these changes will be larger (in absolute magnitude) than short run responses.
17 Table 1 VAR (4) food Food-in feedback from food-out * * * , alct * * , clo * * * , sdur * * * Food-out feedback from alct * * * , clo * * * , sdur * * * Alct feedback from food-in * * * , food-out * * * , clo * * * , sdur * Clo feedback from food-in * * * , food-out * * * , alct * * * , sdur * * * Sdur feedback from food-in * * * , food-out * * * , clo * * * 
